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SECTION I

INTRODUCTION

Current U.S. Air Force operations dictate the use of numerous toxic sub-

stances, and among these are the three hydrazine family fuels (anhydrous,

unsymmetrical dimethyl and monomethyl hydrazine). Hydrazine fuels are the

basic rocket propellant for strategic missiles and satellites, and the joint

NASA and U.S. Air Force sponsored Space Shuttle Program will greatly increase

the volume of hydrazine in general use. Bulk storage and transport of hydra-

zine fuels could lead to accidental discharges, and if a discharge finds its

way into a water body, undesirable consequences could occur to the aquatic

ecosystem. The objective of the work described in this report was to develop

a mathematical model for application in assessing the impact of catastrophic

spills. The Spill Assessment Model, SAM, is now available at two levels:

(1) this field manual which provides simple calculation procedures that can

be rapidly applied to obtain estimates of hazard levels, and (2) an interactive

computerized version of the model which allows a more detailed and precise

analysis of spill events (ESL-TR-80-27). The model development is documented

in ESL-TR-80-07.

The purpose of this manual is to provide a simple calculation procedure

that can be rapidly applied in the field to obtain estimates of the potential

extent of hazard levels from such a discharge. These field procedures have

been derived from complex analytical and computer based models describing

the behavior of certain types of spilled chemicals in water. The calcula-

tion procedures for field use have been developed in the form of a series

of graphs and tables and permit hazard extent estimates to be rapidly



made when time or resources are not available for more complex computa-

tion. The data required for these field computations can be immediately

obtained or estimated.

The calculations described in this manual necessarily incorporate

a number of assumptions and limitations, the majority of which are reviewed

in Section V. The procedures for field use may be applied to obtain es-

timates of the concentration in water resulting from the spill of a soluble

chemical having a density close to that of water. It is assumed that the

chemical is fully soluble in water, and that all the discharged chemical

goes into solution with water. In particular, effects of chemical reactions,

phase changes, or vaporization from a spreading liquid are not incorporated;

these assumptions lead to estimates of concentrations in water that are con-

servative.

Specifically, the Spill Assessment Model (-SAM) utilized as the basis for

the field calculations addresses instantaneous point source discharges into a

flowing river. For field use, the primary requirement is to assess the maximum

concentrations which may result from a spill at various distances from thp

spill location and to determine the maximum distances over which the con-

centration in water will exceed any specified hazard level. The objective

of the field procedure is to provide a means of rapidly assessing the ap-

proximate extent of concentrations in water in excess of hazard levels.

The extent to which other hazards, such as vapor dispersion, may be

associated with a spill will depend on the specific discharging substance.

The field procedures described in this manual are intended for use with

soluble, neutrally bouyant substances, and address only dispersion in water.

For related hazards, or different types of hazards resulting from spills
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of different classes of chemicals, reference sources such as the Chemical

Hazard Response Information ,'stem (CHRIS) of the U.S. Coast Guard should

be consulted; the methods, approach and data contained in this manual have

been derived from that system. The analytical basis for the formulation

of these field calculations is also documented in a separate technical

report (ESL-TR-80-07).
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SECTION II

CALCULATION PROCEDURE

1. INTRODUCTION

The hazard assessment calculation procedure described in this section

assumes that the released chemical is instantaneously spilled into a flow-

ing river or stream. The case of a continuous release of a chemical into

water is treated only in the computerized counterpart of this procedure.

A hazard assessment based on an instantaneous release provides conserva-

tive estimates of the hazard.

The calculation procedure addresses spills of chemicals which are soluble

in water, liquid at ambient temperature, and not much heavier than water.

The spilled chemical will both spread and mix with water at the same time.

The concentration of the chemical in water will remain a hazard until dilu-

tion by mixing and diffusion sufficiently reduces the concentration.

Spills which occur in flowing streams are of particular concern because

soluble chemicals, once in solution, will be confined by the banks of the

stream and will remain a hazard as they flow downstream. Spills which occur

in tidal areas are not usually confined, particularly during ebb tide, and

rapid mixing occurs to reduce the concentration in the water. Spills which

occur on calm, current-free water are not common in navigable waters.

When the mass of the spill chemical is discharged, it tends to move

away from the source or spill location with a speed and direction determined

by the prevailing bulk fluid velocity of the receiving water body, i.e.,

flowing river. The mean speed and direction of the moving chemical mass

can be expected to change from the original values during its travel as

I4



the pattern of river currents in which it is embedded changes with time.

Since specification of river current variations is not practical within

the objectives of the field calculation procedure, a limiting assumption is

employed that the river flows with a constant cross-sectional velocity so

that the center of mass of the spilled chemical moves downstream, along a

longitudinal line from the spill location, at a constant rate equal to the

river velocity.

As the chemical mass moves downstream, it will expand about its center

owing to the action of turbulent motion. The entire mass will be carried

downstream in a uniform manner, and the mass will grow in size as its edges

are mixed with the water by turbulence. This growth is accompanied by a

proportional decrease in concentrations within the chemical mass. At any

particular time after the discharge occurs, the greatest concentration in

water will occur at the location of the center of the moving chemical mass.

As the chemical continues to move and spread, this maximum concentration

is similarly reduced.

The degree of spreading which occurs as the chemical moves downstream

depends on the river velocity, channel roughness, and the size and shape of

the river channel. Faster spreading causes a more rapid decrease of the

maximum concentration at the center of the moving chemical mass.

Discharges of a chemical may occur at any point in the river channel.

The behavior described above of the discharged chemical in a flowing river

approximates discharges which occur near the center of the river, removed

from immediate influences of the river banks. For discharges which occur

close to shore, the spreading of the chemical in water will quickly become

5
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distorted by the nearer shore. Within a downstream distance equal to rough-

ly four or five times the river width, the field calculation procedure can

obtain only very approximate estimates for concentrations from spills ac-

tually occurring close to shore. At greater distances a more accurate

representation is obtained since the local effects of the spill conditions

become diminished as the moving chemical mass becomes distributed throughout

the river channel.

2. REQUIRED DATA

The data items required to perform the field calculation procedure

are:

a. Channel Width = the average width of the river channel in feet.

For channel widths obtained in other units, conversion to units of

feet is required. The calculation procedure employs a series of

graphs each of which is used for a range of values of the channel

width.

For any particular river channel, the average channel width can

be estimated by selecting the appropriate range from the list given

below. For river widths near the separation between two categories,

the category containing smaller values should be selected.

(1) Width less than 75 feet

(2) Width 75 to 200 feet

(3) Width 200 to 400 feet

(4) Width 400 to 800 feet

(5) Width 800 to 1200 feet

(6) Width 1200 to 1800 feet

6



(7) Width 1800 to 2200 feet

(8) Width 2200 to 2800 feet

(9) Width 2800 to 3400 feet

(10) Width greater than 3400 feet

b. Channel Depth = the average depth of the river channel in feet.

For channel depths obtained in other units, conversion to units

of feet is required. The calculation procedure employs different

graphs for different river depths varying from 5 to 200 feet.

However, reasonable ranges of river depth values generally dif-

fer for different river widths, and the calculation procedure

uses different depth curves on each graph. The curve correspond-

ing to the next smaller river depth should be selected.

c. Spilled Amount = the total quantity of liquid chemical discharged

into the water in tons. If estimates of the quantity spilled are

obtained in other units, conversion t(, units of tons is required.

d. Downstream Distance = the distance downstream from the location

of the spill at which an estimate of the maximum concentration is

to be obtained. Concentration values are tabulated for a range

of downstream distances from 0.1 to 100 nautical miles. If the

distance is obtained in other units, conversion to nautical miles

is required (1 nautical mile = 1.15 statute miles = 6076 feet).

Values of concentration factors can be obtained directly from

graphs for any downstream distance between 0.1 and 100 nautical

miles.

e. Hazardous Concentrations = the calculation procedure determines the

maximum concentration at a given location, or the extent over which

7



concentrations may be expected to exceed any particular hazard

level. These concentrations are expressed in units of milligrams per

liter. To utilize or interpret this information, an evaluation of

the concentrations at which different levels of hazard are considered

to exist is necessary. These hazard levels will depend on the toxicity

of the chemical, the different types of aquatic organisms of concern,

spill consequences in terms of water use (e.g., industrial intake or

public consumption), and other similar types of factors.

3. PROCEDURE

When a low-density chemical spill occurs on a flowing stream, two calcula-

tions can be made, depending upon the parameters given and the results desired:

(1) the concentration of the chemical in the water at some distance downstream

from the spill site, or (2) the distance downstream from the spill site where

the chemical concentration in water is no longer considered a hazard.

The material that follows gives a guide to the procedure for field calcu-

lation and presents both a sample calculation and, immediately alongside the

sample, an area where the exact hazard for the chemical and spill condition

under consideration may be calculated. Calculations can then be made right

on the page alongside the sample calculation. The calculation should be made

in pencil, so that the results may be erased and the calculation sheet reused.

The sample calculation should be studied carefully to understand how the answers

are derived for the sample calculation before proceeding with the calculation

of the hazards for the chemical spill under consideration.

8



a. Downstream Concentration at any Point

Tabulate below the information required for calculating the water pollu-

tion hazards in a flowing stream at some distance downstream from the spill

site:

SAMPLE CALCULATION CALCULATION PROCEDURE
(use pencil so it can be erased)

Chemical: Hydrazine

Amount Spilled: 20 tons tons

Stream Width, W 300 feet W = feet

Stream Depth, d 30 feet d =  feet

Select a distance x of interest

downstream. For example x = 0.5

nautical mile downstream of the
nautical

spill x = _miles

Place a check mark next to the stream width which most closely matches

the above tabulated stream width and determine the figure to be used in

the calculation procedure. For stream widths on the border, use the smaller

category.

Stream Figure to For Calculation

Width (feet) be Used Example Procedure

0-75 A-1

75-200 A-2

200-400 A-3 _

400-800 A-4

9



800-1200 A-5

1200-1800 A-6

1800-2200 A-7

2200-2800 A-8

2800-3400 A-9

Greater than 3400 A-10

Determine the chemical concentration per ton spilled factor (C/T) from

the stream depth (d), the distance downstream from the spill (x), and the

figure identified above. The figures are given in Appendix A of this manual.

Do not interpolate between stream depths; use the next smaller stream depth.

For the 20-ton spill of hydrazine

in a stream which is 300 feet wide

and 30 feet deep, use the 20-foot

depth curve on Figure A-3 to de-

termine the concentration fac-

tor (C/T) of hydrazine 0.5

nautical mile downstream of the

spill.

Concentration = 800 mg/liter mg/liter per ton
Factor (C/T) per ton spilled spilled

Calculate the concentration at the downstream site from the factor (C/T)

and the following equation:

10
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Concentration C = (C/T) (Tons spilled)

For the 20-ton spill of

hydrazine, the factor

C/T = 800 mg/liter per ton

spilled and the tons spilled

T = 20

C = (800) (20) = 16,000 mg/liter C mg/liter
at x = 0.5 nautical mile downstream

b. Downstream Extent of Hazard

To determine the distance downstream from the spill site where the

chemical concentration is no longer considered a hazard, enter below the

desired concentration limit in water in mg/lIter for the specific chemical

(a limit value of 10,000 mg/liter is used below for illustration only).

For the 20-ton hydrazine spill

Concentration = 10,000 mg/liter mg/liter

Limit

Calculate the limit concentration factor (C/T) from the concentration
L

limit and the following equation:

(Concentration Limit)
T) L = (Tons Spilled)

11



For the 20-ton hydrazine spill

(C/T) = (10,000) = 500 mg/liter - ) - mg/literL 20( )per ton per tonspilled spilled

Determine the maximum downstream extent of the hazard from the factor

(C/T) the stream depth (d), and the figure identified above.

For the 20-ton hydrazine

spill in a stream which is

300 feet wide and 30 feet

deep, use the 20-foot depth

curve on Figure A-3 and a

(C/T)L = 500 to determine

the maximum downstream dis-

tance for the hazard con-

centration limit.

Maximum hazardous ______

ditance = 0.85 nautical mile nautical milesdistance

The above procedures are summarized in Figures 1 and 2 and are provided for

quick reference.

The peak concentration at any intermediate point between the spill site

and the maximum hazardous distance -- and for that matter any point beyond

this maximum distance -- can be read directly off the figure used above by

just following the depth curve and reading the concentrations at various

12
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downstream distances. These concentrations are based on "per ton of chemical

spilled," and therefore must be multiplied by the number of tons spilled to

give the actual peak concentrations. In addition, the time that the peak

concentration of the chemical will reach a given point downstream is simply

that distance divided by the stream velocity. However, some of the chemical

may reach a given point downstream well before the peak concentration does.

Appendix A of this manual contains the necessary graphs, Figures A-1 to

A-10, for the field calculation procedure. Section IV of this manual describes

a series of data tables, from which the graphs were prepared, which may be

similarly used. The data tables are contained in Appendix B of this manual.

15



SECTION III

USE OF GRAPHS FOR CALCULATION PROCEDURE

The 10 graphs presented in Appendix A are used with a simple calculation

procedure to determine the maximum downstream concentration in water of a solu-

ble chemical which has spilled into a flowing stream.

The graphs give the concentration factor as a function of distance

downstream from the spill site and the depth of the stream for various

width ranges of the stream.

For actual estimated river depths between those values displayed,

interpolation may be used for approximate results, or the next smaller

stream depth curve selected for conservative results.

Each graph corresponds to a range of values for the stream width.

Select the appropriate graph for the width of the stream into which the

spill has occurred. For stream widths close to the limit of a range,

select the graph for the smaller category for conservative results. The

graphs and corresponding width intervals are:

Stream Figure to
Width (feet) be Used

0-75 A-1

75-200 A-2

200-400 A-3

400-800 A-4

800-1200 A-5

1200-1800 A-6

16



Stream Figure to

Width (feet) be Used

1800-2200 A-7

2200-2800 A-8

2800-3400 A-9

Greater than 3400 A-10

Quantities used or determined from these graphs are measured in units

of:

Stream width in feet

Stream depth in feet

Distance downstream from spill site in nautical miles

Concentration factor in mg/liter per ton of spil.ed chemical.

17
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SECTION IV

USE OF DATA TABLES

The 10 tables presented in Appendix B contain values of the concentration

factor tabulated for a range of values of stream width, stream depth, and

distance downstream from the spill location. Data contained in these tables

were selected to prepare the graphs for the manual calculation procedure given

in Appendix A. In some cases the tables also contain additional data points

which could be useful for unusual channel geometries or as interpolation aids.

The tables give the concentration factor as a function of distance down-

stream from the spill site and the depth of the stream for various values of

stream width.

For actual estimated river depths between those values displayed, inter-

polation may be used for approximate results, or the next smaller stream depth

column may be selected for conservative results.

Each table corresponds to a range of values for the stream width. Select

the appropriate table for the width of the stream into which the spill has

occurred. For stream widths close to the limit of a range, select the table

for the smaller category for conservative results. The tables and correspond-

ing width intervals Ere:

Stream Table to
Width (feet) be Used

0-75 B-1

75-200 B-2

200-400 B-3

18



Stream Table to
Width (feet) be Used

400-800 B-4

800-1200 B-5

1200-1800 B-6

1800-2200 B-7

2200-2800 B-8

2800-3400 B-9

Greater than 3400 B-10

Quantities used or determined from these tables are measured in units

of:

Stream width in feet

Stream depth in feet

Distance downstream from spill site in nautical miles

Concentration factor in mg/liter per ton of spilled chemical.
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SECTION V

ANALYTICAL BACKGROUND

1. INTRODUCTION

The graphs and tables contained in this field manual are based on an

analysis of the dispersion of a spilled chemical into a flowing river. Details

of the formulation of the equations governing the concentration behavior are

described in a separate report (ESL-TR-80-07). In this section of this re-

port, the resulting general equations are assumed to be given, and the computa-

tions then required to prepare the graphs and tables for field use are de-

scribed. Maximum concentrations are obtained by assuming instantaneous instead

of continuous release conditions.

Dispersion of a spilled chemical into a non-tidal river can be viewed

as equivalent to dispersion in still water, subject to the influence of

two additional factors: the bulk fluid motion of the river current, and

the constraints imposed by the banks and bottom of the river channel. For

a spill into still water, the movement of the spilled chemical occurs in

all directions away from the center of mass of the spilled chemical. The

center of mass remains stationary at the spill location, and the maximum

or peak concentration at any time after the start of the spill occurs at

the spill location.

For a river setting, the river channel is assumed to be rectangular,

of uniform cross-section, and a rectangular coordinate system is taken

with the origin at the center of the channel on the water surface where

x gives downstream distance from the spill location, y gives the
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cross-channel position, and positive z gives depth so as to form a right-

handed coordinate system. Considering only the influence of the river

motion, the flow is assumed to be uniform across the cross-section of the

river, in the direction of the positive x axis, and the velocity is given

as u. The center of mass of the dispersing chemical is transported down-

stream by the bulk fluid motion, moving with a velocity u so that the

distance moved in time t is given by ut. Relative to the center of mass

of the spilled substance, the coordinates become stationary, and the type

of dispersion behavior of the still water case applies. That is, at any

time t, after the start of the spill, the maximum concentration for any

location in the river channel occurs at the location of the center of mass

of the spilled chemical.

About the center of mass of the spilled substance, the initial concen-

tration distributions are Gaussian so that for times greater than zero, the

concentrations decrease with distance from the center of mass, but have some

value at all distances. However, at very large distances, the concentrations

are very small. Conservation of mass can be applied to define a region of

the water body, or "volume," centered about the center of mass of the spilled

substance, within which some fixed amount, for example 95 percent of the total

dispersing mass is initially contained.

As the elapsed time from the start of the spill increases, the "volume"

containing the dispersing chemical both moves downstream with a velocity u

and grows in size. The growth continues until either a channel bank or

the river bottom is encountered. Further growth in that direction is im-

peded, and the nature of the concentration distribution is modified. It is

assumed that these boundaries are impenetrable, thus the amount of substance
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contained in the portion of the volume that would have grown beyond the

channel banks or bottom is "reflected" back into the river channel. The

method of obtaining the additional contributions to the concentration in the

river channel of the reflected amount of substance involves summing concentra-

tion distributions from additional virtual spill sources or "images" located

outside the boundaries of the river channel.

The resulting equation used to describe this behavior is given as:

x-ut)

2M -kt 4ex
c(x,y,z,t) = 3/2e •*e

(4rt) 3/2e e ex y z

F (ya) 2 (y+aiw)2  (y-w+a)2

4 et 4 et 4e t

e Y + e y +e Y

z 2(z-2d) 
2  (+d

4et 4 et 4e t

e z  + e z + e z

where:

c(x,y,z,t) = concentration at a location x, y, z,and at time

t after start of spill, gm/cm
3

x,y,z = coordinates of point in river channel at which

concentration is obtained, cm

t = elapsed time from start of spill, sec

M = quantity of liquid substance released, gms
-l

k = decay coefficient, sec
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u = stream velocity, cm/sec

= turbulent dispersion coefficients, cm 2/sec

w = mean river channel width, cm

d = mean river channel depth, cm

a - spill offset; location of spill across channel

width relative to river centerline, cm

When spilled into a stream or river, the behavior of a chemical depends

on a number of factors. These include the physical and chemical properties

of the chemical, the flow conditions in the river, and the location and

nature of the release. If the area of the source of the spill is small in

relation to the size of the river, the dispersion of the chemical will be

in all directions. In this phase, the dispersion is three dimensional, and

the concentrations obtained from the above equation depend on the coordinates

(x,y,z) of the location of interest. It can be seen that at any time t,

during the initial stages of dispersion, the maximum concentration occurs

at the surface (z=0), at a cross channel location equal to the spill off-

set (y=a) if the offset, a, is less than the half-width of the river, and

at a downstream distance (x=ut) corresponding to the bulk motion of the

center of mass of the spilled chemical.

Near the spill location, the concentrations are significantly dependent
I

on the location of the spill, manner of release,and a range of other local

effects. As the distance from the spill location increases, the concentra-

tions obtained from this equation tend to become evenly distributed over

the cross-section of the river, and localized effects of the spill condi-

tions are reduced.
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Since the cross-sectional variations of concentration are significant

during this early stage of spreading, descriptions of the shape of the river

cross-section and the river velocity distribution across the cross-section

are necessary. The concentration equation assumes a rectangular channel

cross-section of constant width and depth, and a constant river velocity,

uniform over the river cross-section.

As the dispersion chemical mass moves downstream, the maximum concen-

tration occurs at the location of the moving center of mass, which is trans-

lated in the longitudinal direction of river motion as long as the confining

effects of the river channel banks and bottom are minimal. At longer dis-

tances from the spill location, depending on the cross-channel position of

the spill location, reflections of the dispersing chemical will cause the

location of maximum concentration to drift away from this axis. However,

if the spill location is assumed to be at the center of the river, symmetry

gives the result that the location of maximum concentration continues to

occur at the centerline.

Graphs and tables of maximum concentration are then obtained from the

general equation using coordinate values x = ut, y = 0, z = 0, and the spill

location is taken to be at the center of the river, using a=0. Since the gen-

eral concentration equation includes, to within a first order approximation,

terms to account for the reflection of dispersing chemical by the channel banks

and boundaries, this equation is used for all distances from the spill loca-

tion. For large distances from the spill location, an alternate formulation

of the concentration equation can be obtained based on the assumption that the

spreading chemical has become uniformly distributed over the cross-section of
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the river channel. This approach is briefly described in a following section,

however, since terms accounting for the reflections from the river channel

banks and boundaries were incorporated in the general concentration equation

given above, adaptation of this alternate formulation for field use was not

necessary.

2. EVALUATION

a. Simplification of Equation

As discussed above, the graphs and tables of maximum concentration for

field use were obtained by setting the coordinates y=z=0, the spill offset,

a, to zero, and x7ut. Since the maximum concentration at a location x oc-
x

curs at a time equal to -, substitution of these coordinates gives an ex-

pression for the maximum concentration directly as a function of x and not

t. In addition, further substitution shows that the velocity terms cancel,

so that the maximum concentration as a function of x is independent of the

river velocity u.

The effect of chemical decay or degradation in the aquatic environ-

-k t
ment is included in the general concentration equation by the term e

which models an exponential decay process. The decay results in a reduc-

tion of the total quantity of dispersing chemical, which in turn directly

reduces the resulting estimates of concentrations. Since in many cases

products of decay or decomposition are also hazardous, conservative concen-

tration estimates are obtained by taking k=O.

Substitution of these values gives the equation for the maximum con-

centration as:
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W2 U _ d2 u

W 2M 1 + 2 e Y x 1 + 2 e
( -)3/2eee

u x y zJ

where c(x) gives the maximum concentration at a location x as a function

of:

x, downstream distance from the spill location

w, mean river width

d, mean river depth

M, total quantity of spilled chemical, and

e ,e ,e , dispersion coefficients.

The velocity u appearing in the equation is removed when empirical ex-

pressions for the dispersion coefficients are substituted.

b. Evaluation of Dispersion Coefficients

The concentration equation is written above in Centigrade-Gram-Secono (CGS)

units, and the appropriate equations for the turbulent dispersion coefficients

are given by:
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ez = 0.067 U Rh

e = 0.1 e
x z

=0.23 U Rh ifw < 100y hd

e = e if H > 100
y x d

The ratio of river width to depth is used to obtain different expressions

w w
for the coefficient e for narrow rivers d < 100) or wide rivers (d > 100).y d

The hydraulic radius, Rh, is given by the cross sectional area divided

by the wetted perimeter:

w •d
Rh= 2 d +w

The shear velocity, U , in units of cm/sec is given by:

U* = 6.7305 n u

Rh

where n is the Manning roughness coefficient. In this formulation for

field application, a coefficient value of n = 0.03 is assumed, and the dis-

persion coefficients are obtained as functions of w, d,and u.

Substitution gives the values of the dispersion coefficients in units

2
of cm /second, for n = 0.03, as:
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e = (1.353 x10 3 u •/6

e = 10 • e
z x

(4.644 x 10 -2 ) 5u /6 for 1 < 00

or

e =e forE > 00
y x d

c. Selection of Parameters

Since by substitution the velocity termsu,cancel, the maximurl concen-

tration for the particular assumptions employed reduces to a function

only of river width (w), river depth (d), downstream distance from the

spill location (x), and total quantity spilled (M).

Since the maximum concentration at a location x is directly propor-

tional to the total quantity spilled, the graphs for field use are generated

to obtain the ratio c 'x) or concentration per unit quantity spilled, as a

concentration factor. In application, the estimate of actual concentration

is obtained by multiplying the total quantity of substance by the appro-

priate value of the factor. To express spill quantities in units of tons,

the concentration factor is obtained by evaluating the concentrations re-

sulting from a release of 1 ton of substance. Converting to CGS units for

use in the concentration equation as written above gives:
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M = (1.0) (2000) (454) in grams

A range of river width and depth values, in units of feet were selected

to describe most river channel dimensions of practical concern, and concen-

trations were computed for each combination of values. All resulting

computed values a:e given in the tables in Appendix B. However, the graphs

in Appendix A shcw only the most realistic of these combinations. Values

selected for river depths and widths were:

depth = 5, 10, 20, 30, 50, 100, 200 (feet)

width = 50, 160, 200, 400, 800, 1200, 1800, 2200, 2800, 3500 (feet)

For use with the concentration equation in CGS units these were converted

to give:

d = (depth in feet) (12) (2.54) in cm

w = (width in feet) (12) (2.54) in cm

Concentrations were then obtained for plotting over downstream dis-

tances in units of nautical miles at points selected as:

distance = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0,

3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 20.0, 30.0,

40.0, 50.0, 60.0, 70.0, 80.0, 90.0, 100.0
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Conversion to CGS units used:

x = (distance in n.m.) (2.54) (12) (5280) (1.15155) in cm

The concentration equation gives the result in units of gm/cm ; tabu-

lation in units of mg/liter (per ton spilled) was obtained from:

3 6concentration = (c in gm/cm ) x 10 , mg/liter

3. ALTERNATE FORMULATION

The spreading of a spilled chemical is assumed to occur, in general,

in three dimensions until further horizontal or vertical movement is con-

strained by the channel banks or bottom. For most river channels of practical

interest, a spilled chemical will first become more or less uniformly dis-

tributed over the depth of the river, then further spreading horizontally

occurs to produce a uniform distribution across the width of the river

channel. The order of time for horizontal spreading to produce measurable

concentrations at the river banks is given by:

b 
2

t =
c e

y

where b = w is the half-width of the river channel.
2

The initial period, ti, is defined as the duration over which three-

dimensional spreading can be assumed to occur, and is given by:
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t. : 0.3 t = 0.3-
1 c e

y

Since the coordinate of the observation point of interest is taken

at the center of mass of the spilled chemical, this criteria can be ex-

pressed in terms of an initial distance from the spill location, xi, which

is given as:

b2

x. = u t 3 =.3u -

i I e
y

For distances x less than x., the effect of the channel banks in con-
1

fining the distribution of the spilled chemical is small, and the equations

for three dimensional spreading are used. For distances greater than x.,
1

the effects of the channel banks become more pronounced, and eventually

the spilled chemical becomes uniformly distributed across the cross-sec-

tion of the river channel. Further spreading occurs only longitudinally.

Since the three dimensional equation utilized to obtain the concentra-

tions includes terms which account for the effects of the channel banks and

boctom in confining the spreading, to a first order approximation, this

equation has been used for all values of the distance from the spill loca-

tion.

If however it is assumed that the chemical is uniformly mixed across

the river channel cross-section, then the appropriate concentration equa-

tion for one-dimensional spreading is given by:
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(x-ut)
2

M 4 E t -ktc(x,t) =e e
A V4 -,E t

where c, M, t, x, u, and k are as defined previously. The cross-sectional

area of the river channel is A, obtained from

A =w • d in cm
2

and E is an effective longitudinal dispersion coefficient, in units of

2
cm /second. The coefficient E represents not only the dispersion e but

x

also the dispersion of the chemical due to the differential velocities and

concentrations across the river channel. Since the formulation of the ef-

fective longitudinal dispersion coefficient E is different from e , andx

the one-dimensional equation is based on an assumption that complete uni-

form cross-sectional mixing has occurred, the concentrations obtained from

the three-dimensional equation and the one-dimensional equation will gen-

erally be different, giving rise to a discontinuity between the concentra-

tions computed from each equation. Since the basic assumptions underlying

each equation differ, it is not necessarily advisable to artificially re-

move the discontinuity if the three dimensional and one-dimensional

equations are applied to the same spill scenario.

Substituting for t from x=ut, and using k=O and A=w'd, gives the con-

centration equation in a reduced form as:
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c(x) = M

wd 4 E

The longitudinal dispersion coefficient, E, is computed using the

shear velocity and hydraulic radius from:

* 2
E = a U *Rh in cm /second

where the constant a depends on the ratio of the river width to depth:

= 20.22 for < 00

a = 225. for H > 100
d

It should be noted that the value of e used to obtain the initial time,

t., or distance, xi, is also similarly dependent on the width to depth

ratio.

Since the dispersion coefficient, E,depends on the river velocity,u,

in the same way as e , e , and e , it can be seen that the resulting concen-
x y z

tration, c(x), is independent of u. For a particular river channel cross

section, this gives a concentration profile along the downstream direction

that is inversely proportional to the square root of the distance from the

spill location.

33



4. LIMITATIONS AND MAJOR ASSUMPTIONS

In addition to the basic assumptions underlying the derivation and

formulation of the concentration equation utilized to produce the graphs

and tables for field use, reviewed in following paragraphs, the analytical

expression contains a singularity at the spill location. That is, the

initial value of the concentration at the spill location is infinite, and

for very small distances from the spill location, the peak concentration

at the center of the moving spill mass may, as a result, exceed the density

of the spilled chemical. For this reason, caution should be exercised to

interpret estimated concentrations at locations very close to the spill

location.

Because of the complexity of the chemical spill process, the uncer-

tainties and variabilities associated with spill conditions and the nature

of the environment in the vicinity of the spill, and the difficulties in-

herent in describing these phenomena, the analysis and implementation of

the water dispersion model, from which the field calculation procedures

were derived, has necessarily been based on numerous assumptions. Further

assumptions were then introduced to enable simplification of the calcula-

tions for field use. The degree of sophistication attempted was carefully

considered, and assumptions or limitations introduced to enable the model

to be applied to a class of non-chemical specific discharges in a range of

environmental settings. Also, the model is intended for use in real or

threatened emergency spill situations, in addition to routine assessments

for contingency planning, and thus the input data required is restricted

to that information that can be readily observed, estimated or assumed
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from on-scene observations or reports; use of extensive, detailed site

specific data is precluded. Major assumptions and/or limitations that are

incorporated in the model are summarized for review in the following para-

graphs.

Heat sources and heat sinks are neglected and the assumption is made

that the initial temperature of the spilled chemical and the receiving water

body are nearly equal. Any initial unequal temperatures would ultimately

come to equilibrium at a temperature very nearly equal to the temperature

of the water into which the spill occurs because of the comparatively

large thermal capacity of a receiving water body into which a large scale

spill may occur. During the initial stages of dispersion, the difference

in the temperatures of the spilled chemical and the receiving water could

effect the rate of dispersion. The significance of this assumption depends

on the type of chemical, and relative temperature ranges at which-these

are transported.

Temperature differences may also give rise to buoyancy effects.

Studies of these effects have been reported in the literature, many -f these

dealing with thermal discharges from power plants or waste water discharges

through submerged outlets or distributed outfalls. In these cases, the

discharge is lighter than the receiving water. The movement of the dis-

charge as it rises creates secondary induced turbulent currents, and the

rate of dispersion and manner in which it takes place are effected. The

water dispersion model described in this report assumes that the spill oc-

curs onto the surface of the waterway, and the effect of buoyancy has not

been incorporated. Thus the model strictly is most appropriate for those
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liquids that are neither significantly lighter nor denser than the receiving

water. The model may also be applied for the dispersion of solid particles,

if these are neutrally buoyant or if the settling times are large in com-

parison to the dispersion.

Chemical degradation in the aquatic environment has been modeled by a

first order rate constant process, but degradation is ignored for field

calculations. Additional effects of chemical reactions or phase changes

during dispersion have not been incorporated. Phenomena associated with

chemical reactions, and also neglected, include resulting dispersion of

the products of reaction, and thermal effects from the heat of reaction.

The most significant model assumption may be that no vapor is liberated,

and, that other than a first order decay, the entire mass of spilled

chemical is dispersed. The model assumes the chemical is fully soluble

in water (miscible in all proportions), and that all the discharged

chemical goes into solution with water. A separate model has been developed

independently to estimate vaporization rates; however, the resulting re-

duction of the mass dispersing in water has not been incorporated. This as-

sumption leads to estimates of concentrations in water that are conserva-

tive.

Stratification of the receiving water body, and the interaction with

density or buoyancy effects have not been included, although the receiving

water body is considered to be non-isotropic, with different but constant

dispersion coefficients along each axis.

Strictly, the model applies to spills of large quantities that occur

under assumed instantaneous or continuous discharge conditions; field
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calculation procedures are developed only for instantaneous releases. For

continuous discharges, the rate at which the chemical is released is as-

sumed to be constant. An analysis of the continuous release model has

formulated an approach in which a variable mass release rate can be modeled.

However, as implemented, the model is limited to a constant release rate

since for the purpose of expected use it was assumed that inadequate in-

formation would be available to accurately characterize a variable rate.

River channels are modeled as having a constant rectangular cross sec-

tion, and a constant cross-sectional average river velocity has been assumed

for non-tidal rivers. For tidal rivers, the tidal effect has been modeled by

a sinusoidal velocity imposed on the non-tidal component. Velocity varia-

tions caused by winds, storms, local channel obstructions, and similar effects

have not been included. The boundaries (banks and channel bottom) of the river

channel have been assumed to be impenetrable to the dispersing mass, and only

first order image sources have been included to model the effect of confined

dispersion.

In regions near to the source for a continuous discharge into a river,

the additional longitudinal travel due to longitudinal dispersion is neglected

with respect to the bulk motion of the dispersing mass in the direction of

river travel. This assumption is strictly applicable to rivers in which the

rate of longitudinal diffusion is small with respect to the movement with

the river velocity; however, all but the most slowly flowing rivers will

give reasonably good agreement with this assumption.

At distances far from the location of a spill into a non-tidal river,

a simplifying assumption is made that the dispersing mass reaches a uniform
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cross-sectional distribution, and further dispersion occurs in a one-dimen-

sional manner in the direction of river flow. While the assumption is rea-

sonably consistent with the expected behavior of the mass at large distances

from the spill, and introduces some simplicity in the model formulation,

the resulting difference in the modeling equations may cause a discontinuity

in concentration estimates between the "near" and "far" regions. Since the

4
model incorporates, to a first order, the boundary effects in the region

near the spill site, concentrations reached at long distances from the spill

location should be expected to approximate those obtained by one-dimensional

analysis, and as a result the one-dimensional analysis is not essential.

The model does not currently include provision for automatically forcing a

match between these near and far field equations, and the results obtained

should instead be interpreted in terms of the type of dispersion being

modeled.

Although some of these assumptions and limitations have greater effect

than others, it is generally concluded that the assumptions lead to a simp-

lified, but reasonably realistic, model with which estimates of concentra-

tion distributions can be obtained on the same order of accuracy as the

accuracy to which the required model inputs are available.
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APPENDIX A

GRAPHS FOR CALCULATION PROCEDURE

The following 10 graphs are used with a simple calculation procedure

described in Section II to determine the maximum downstream concentration in

water of a soluble chemical which has spilled into a flowing stream. Each

graph corresponds to a range of values for the stream width. Select the ap-

propriate graph for the width of the stream into which the spill has occurred.

For stream widths close to the limit of a range, select the graph for the

smaller category for conservative results. The graphs and corresponding width

intervals are:

a

Stream Figure to

Width (feet) be Used

0-75 A-1

75-200 A-2

200-400 A-3

400-800 A-4

800-1200 A-5

1200-1800 A-6

1800-2200 A-7

2200-2800 A-8

2800-3400 A-9

Greater than 3400 A-10
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Figure A-4 Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 400 to 800 Feet)

45



1,000 ~ 1
L)

CL

0 1D

E

00
ui

10

01

1.0 200

0.1 1.0 10 100

Distance Downstream from Spill (Nautical Miles)

Figure A-5 Concentration Factor for Soluble Chemical in a Flowing Stream
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APPENDIX B

DATA TABLES

The following 10 tables contain values of the concentration factor tab-

ulated for a range of values of stream width, stream depth, and distance down-

stream from the spill location. Concentration factors are given in units of

mg/liter per ton of spilled chemical. Data contained in these tables were

selected to prepare the graphs for the manual calculation procedure given in

Appendix A. In some cases the tables also contain additional data points

which could be useful for unusual channel geometries or as interpolation aids.

Each table corresponds to a range of values for the stream width. Select the

appropriate table for the width of the stream into which the spill has occurred.

For stream widths close to the limit of a range, select the table for the

smaller category for conservative results. The tables and corresponding width

intervals are:

Stream Table to
Width (feet) be Used

0-75 B-1

75-200 B-2

200-400 B-3

400-800 B-4

800-1200 B-5

1200-1800 B-6

1800-2200 B-7

2200-2800 B-8
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Stream Table toWidth (feet) be Used

2800-3400 B-9

Greater than 3400 B-10
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APPENDIX C

HAZARDOUS CHEMICAL DATA

Manual Two of the Chemical Hazard Response Information System (CHRIS),

published in October 1978 by the U.S. Coast Guard, is a compendium of

chemical and physical property data for 900 commonly shipped hazardous

chemicals. For each of these substances, the manual lists the specific

chemical, physical and biological data needed for the preparation and use

of the other components of the CHRIS system. The manual can also be used

after the initial response action, when there is sufficient time to use

more detailed information, and can serve as a reference for investigating

classes of hazardous materials and action on discharge.

Much of the quantitative data contained in Manual Two is needed for

the hazard assessment calculations described in the Hazard Assessment Hand-

book and Hazard Assessment Computer System (HACS) modules of CHRIS. For

use with ACS, the appropriate chemical property data has been transcribed

to a separate computer file which is automatically accessed during computa-

tions to obtain this data.

The Hazardous Chemical Data manual contains, for each chemical, the

Hazard Assessment Code which directs the user of the Hazard Assessment

Handbook or HACS to the appropriate calculation procedure. The Hazardous

Chemical Data manual also suggests general responses to an accidental

discharge which summarize the detailed information given in the Response

Methods Handbook.

This Appendix contains excerpts from the Hazardous Chemical Data

Manual of CHRIS, specifically, individual data sheets for 27 selected
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substances. The data sheets are arranged in alphabetical order by compound

name, The complete U.S. Coast Guard publication should be referenced for ex-

planation of terms, use of conversion factors, compatibility guides, and ad-

ditional indices.
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Entisg.iti with dry chentoica. loan or cuhndinnide, 6 7 Ignlition Tanspoation, 2'' 9. SELECTED MANUFACTURERS
watertnaty be ineffectiveon'. 66 E.tialnae I a. o iI d

ire Cordi enpod cotaiuns nith watr,. fig H'iiue" Hansim , III, I
69 BunningfR.I. 4 ;onijt. .o c'

CALL FOR MEDICAL AID-. i"i'i

VAPOR 7. CHEMICAL RIEACTIVITY j .d 1i'L.mi I'
Insta to eyes. ou aod throat 71A liracidstV with Water: ~"ic"i
Ifrohatded itil caediruinen. headache. difficult breathing

or lua of r utnntes. 7 2 Reantiity wit Cnnttstxs Maels:
Mote tofrs air\iiini
If breathin aatpped.gine artificial renini.z Sallpfegeawl'iili
if bthIiing is difficnlt. give onygen.73 tilfyuigroora:-Jl

LIQUID 741 M'lnsatelsg Agent. far Again and
Instaing to thin and eyes Caa.l.: %' " i, "

Exposure I sallowed. wsill cause musoes in nonitig 75 Pnolymerzation: '
Rernone contamsinated clothing and shoes.
1Fnd afece E a with plnyo1ne07 ntlttn nysretn.I. SHIPPING INFORMATION

IFI -YS hol eyelids opnand float with plnyo watt-Nr.i'ii
IFSWALLOWED and niche in CONSCIOUS, banve nctins drnk att, 10 1 Gradnarpltri.

DO NOT INDUCE VOMT' *4.N. 11I,"2

102 Slneag Tnnperatrtw0' '

103 lineetAtinsaphnen' '

- HARMFIJIJTO AQUATIC L.IVEN'EW tOcCNETRINS

Water Fulding to thorebine
Muy he daugenc if it enteo waere iintake.

Pollution Not:ify loca health and eildhfe officials.
INotify opett ouf nearby ater irtabrs.

1. RESPONSE TO DISCHARGE 2. LABEL I AADASSMN OE1.PYIA N HMCLPOETE

Iich ,nhih 7 inhIi -IISX 13 2 ftlaa Weight:N

I iiik -h 13 3 Boiling Pnint at Ialt,: - , 1-

____________________________12. HAZARD CLASSIFICATIONS 30 PrnIn Int:II

12 1 Cadentf Federal Riagulatine: 1 3 5 Critical Ternpetare; Nrs

3. CHEMICAL DESIGNATIONS 4. ORSERVARLE CHARACTERISTICS '""1,:~ 1i iur 36 Critinaat eance:N.
3 1 Syginnylvsa.- Ni~....i.... .101 Physialtls1 ( te lppad): I -,di 12 2 NAS5Hazard RtnggforfBlk Water 137 SpecificfGraity: 0 111 ai 15 -C lolui
3 2 Canal Onad C~atlltg Claasificationt: 0 2 CaOn: Itd 011'- ia h,..o, Transporetation: 13 g Liqaid Suacn Tenelnat:

Mit.ellooeoros hydrocarbon rnislurerpap Cateory Rating ,2"- ':'' '.-
3 3 Chorattllixeate Ni pii~i3 Odr... Ic i

30A IMCO Unlted Natleons Naeteelwal 11-i111, 13 9 Liqaid-Wation lnntterocolTensio:

13 10 Varpor l~art) Spvenctln Gralry: 0
'Im '.I~il.''13 11 140110at SpecificnMet.nntVp.loesn

1." HELT HAZARD 13 12 Latent Heat at Vapoelaatlaon:

-1- nI~lld1,13 13 tloateltnvihnxit: -- ': H'I

r-ol ' iili-dcii'......pia'. n.. rI. \ltiicia. .....'i 123 NFPAHaaedCanlfnateas: 13 14 Heatnf tonpoitn: N-p1:''

I ii 'c' :'iih,.icoi~nr~nn pyciii'iii' i~riciiiri i cclliiiii'iic'Category Ctasatea 13 15 Htolatlwtntla':r"p

Oi'iiiliiinilhck ...... 1,d 11'r('.1' It ICli1 Rsio.'oiiz ,, -

53 Tre giafetpesi" Noikiiciriili'i'n IN1191 -\1101.o~'ii~rnir:'

h'"n'i'e'l~x -I I -e, sirnn'inin'il~inSINoy~i~ol~n S. HEALTH HAZARDS (Cgil'd.)

5s oietBWAN (ellyyelealeTheshotld LktelV@1100 Ni-nvic I1 .Ippi~l B5 VapaoGexlWeretCtactnillnx %;,--il cci.iibrhl'nIriibc Ii, iiri'sni

55 gte-1'e N*tbeslle thidt 1181 pyre hi',I -i m's , -ii I V--co '' ht
6 
.'oh.... o Tflu iln, rlc ..n...~

58 1'eelwty by egggea Irrnle 2 I 1)n0 
1

c
1
0 k, 589 LlqeliaeIeldls.WeCaeeetetexls %ti~ooicrd I'i~dinlilipoblc

7 Late Talnllgr'ni'nc 10 Oldertsgted ""ye''M
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W aquid c~.e. Gasoline ado, 6. FIRE HAZARDS 8. WATER POLLUTION
6 1 Flesh Pont 8 1 Aqatwic Tnalolty

It ~ ~ ~ ~ ~ 2 h ~ ~,,--&r~~o 57.---7,7d
Isb a -ae Faeahble. infafoag %apoewi produced if-0h1 44

62 Flassunat" U.OndlaAir,1 2 h , h.,d

S use were, sproInc le de sot.
ti r sotd

W. 1 new~ay65 imlw.Wn on-d ooe Combusti.o on 77777f7 9. SELECTED8 MANUFACCw TUNEoRM
Fire Coo esp~edrooliso, oi waes. 2 IN-to nn~aw.

V .hO 1. CHEMICAL -EACTIVITYe.7 19. SELCTE MANFATUER

oE to~ (ral to

Iie f. -pntotg ha s -d gith aext.oa 1 7 Igntiootioo. o

LIQU68 El4 ectrial la A .l be 1- id wandr1

Exosr Bunn RW

irittig.'ya rouse ana 'inon tners~~~eeaiiv srn

Rmove feshasioae ltsngad5,
:Fin l br athinlg ar e . O rt arplenly of 011 6 n ib b eairp ssaal n:I . PP N I F RM T O

IF'1 SWLL4E asdei.n Aigents 1. COSIUAsevciididsoe 0 Oaan~etr470 ,.

XPOSU~~10 fereag Tanprfwe 1.Anadr. l

Flesh~~70 ffextt -~sopie evth plnt 77-,76 Ihiitr7700)mnasio

IAFU TO AEUATI h IFd INh VERY LOW Co t lyoC-ENTRATIONS.IPIG NORATO

Notify~10 Isnahead, sd ddIfe telral

HAR.U RTPOS AOIS UAT C 2IF IN. VAERY ALSSSW CODON.CHYINTRATIHEICONROERIE

Wat34 Psenoing r.nt shrea

1.RSONET ISHRE AE12. HAZARD CASSISEICOS 3. PHCL A ND CHotEMICA PRPRTE

Phyninal~~~~13 Statsti Slan Ofpue) .S777 72 NqlworfalotenlWI

33 3 oln ont& tt

334 739 in oit 1

12.gwtn HAADCASIIAIOS1 riia em eaue

12 1 OOS 1 Faden.1 Reglatins:73670 fldpe -t

3. HEALtH HAuARd Comp tiblit 7lsii ai n oor r n p rai n312 Latent Mo a rt a nieaon 7
Miscllna P eo usvlO hyd on l b -o t 4 3 Oil - -) ,- C ateg77 or Ratin I- ', N .-

S~sr~tmn Patnwflglaponbo I), 74,~ y139 Liquid*-Wat 7.7.77.7 Rt't.7 777)0.7,
37 "t7...7 I.7.701777777.,')7.7 44w, United.,) 13tio3 ttntl~ebmnum, i

CaIgoy 1310o~lo V.apo.er (Gars Sacf..rait..

n.wm.E O..e . .47))7 ..7. . 77.7.7.).. 7 = 771777. 0 11
.. . 7..... ..... .. "1 (7,111 1 1 4 N a o ioa np - fc n - ,

5. HEALTH HAZARD (Cott-d.)
- On O 'O5~ L- Valnet ,I77.7. 7 56 VaperrlGanllrtswtClaewstaielar 77,.,.. .)7 ...... V.77* .,77 77I 7,77777

5 10 Odin Theold:t 777777
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Watrliy iquid C.oote cinotnw odna A. f iRE HAZARDS 8. WATER POLLUTION
6 1 FisabPolnt: 81Aqoatlo Ton"ily

Flowt on wrten, Fltbtr., anitatag vapor . produced. iiIIII

62 FasiOnatitOLin~tointAir: i 4 i ,cI

Stpdgtagei 011.Kee~eaa.63 Flow 1ratguivlng Agiadt: I',, 8 2 Wllaoftrft Tiolty:

stay 'pni an o wtr n t noc ldown ospon. jiic, ii: 3., Dislogca dOxygien It.,r I, c.

troatean Moor diott vattla 6 4 flre Extinguishing Ag enNt to~ be 83Used.d ags statd SD
Notify local fealtl and p. loon conteot agenda~ ci 1..... :1,1 d.-

65 Spciplal Hazaeds of Combustion Frodanta: 8 4 Food Chain Connentration, Potoatiall

FLAMMABLE. 66 Bethinin File: Si% :S,.,,'
Flashc along tapor tratt timy occr. c cici, ,.icc.ii
Vapor mny explode if ignited in anectotued ar- -d,,, ,*,,>, ,, 9. SELECTED MANUFACTURERS
Extioguisht with dry chestical. fositt on caction dionide ,.I I,..
Water my be ineffective on fat nn1,h

Fi re Cootrledoontainers witht natr. 6 7 tgnition Trapoirate:iiIccii i

68111 Etvrl tted II~, I -pil i 2 NiIi

69 Buening Hate, 4ci c

CALL FOR MEDICAL AID[, 11.

VAPOR 7. CHEMICAL HEACTIVITY 1 , Pc,, '

Irritating to eyes, oo and throat. 7 1 RIGavtivity With Wter:N.-
If iidatedodicaum ditoloma. heeudo. .difftbott

lorofloogworto nfoloioto . 72 Risa' tiitg with Common USat.o
mtoie to freish air.N,-
If tweattig has stopped. give artificial vesttinion.3 atDongTnpotNilc

If hmahiog is diffionti. give oxygen. 73SaiiyDrn rnpr:N~i

7 4 Neoteatling Agat vd n
LIQUID Cantn N,, piin. f cidan

Ca~sila. liiatn'tIi
aaneUN Ifawtlwe. ilam natea or vnoitins. 7 5 Polymntrioatioa: N

Ifttove contamninated! clothing and tA-. 76 tnhibitne of Polymnioatin. HPIG NOMTO
Flost affected. tiaith plenty.o wate. 1.SIPN NOMTO

IFI YS ~deyelids open and flush With plent of 10en N1 pcicifl orP1.. .....
F SWALLOWED and iimi in CONSCIOUS. hae victin driek otter Oaaon.e

on mdhk. d.,,,c .si,:c.i.11c
DO NOT INDUCE VOMITING.

10 2 Storage Tomntaturn: ,".

IC03 nelt Atmoaptiwn: N.--,,.

2104 Venting: ......ii .. c. i. .

W IHARMFUL TO AQUAT1C LIFE IN VERY LOW CONCENTRATIONS.Water Fooling to ifioreline.enrnanith.
Maey he logncos if i netWte mis

Pollution Notify local luili" and wdlifeoltficuk.

1. RESPONSE TO DISCHARGE 2. LASt E1. HAZARD ASSESSMENT CODE 13. PHYSICAL AND CHEMICAL PROPERTIES
S.. -__no - -coav Sc. a, cv 1c~cia,,'Odc.~ ci 131 PhysialSlaft at15-C and Iaim; I-,

I c hllc ,gS l1,,cccl,a A-T.Il.V 13 2 M0.olanaWeight: Ni. p .....I,

c.U133 Boiling PolntI at I Sanm: x cc ,

Ilcpv-,,c~1 1,,il, W' ( =4 'I =, A I,K

V 134 Froting Point : ic

____________________________ ____________________________12. HAZARD CLASSIFICATIONS 135 CrificalTenpraroaw NN

121 CodeaofFedralRuagton: 136 Critical Pressure: \i,i,t w
3. CHIEMICAL DESIGNATIONS t. OBSERVABLE CHARACTERISTICS I1 i.,c,.,i I"ci'I 137 Sppcific Grnnity: 0.7934 at 20-C (liquid)

3 1 SpoonImsI N, ,,,,--ci.,~, - 41 Phynsica tl asshipped); 1 ,4..d 122 HAS "suedfRating orBulkoWater 138 Liquid SuretonTonon N1

32 CoaatiaadCmptlhlNChnnlkstonc 4 2 Color:1 ,0-,,c Transportation: =li ~N'i,
Ntmoolluno4 yltrhnwive 43 Odon. (,.""II,,c Catagory Rating 13 9 Liquid.WalrtIntefaalson:

33 Chomlca ostrmsdl ,i pc,lIIc1 li,,,ciIiiI c-N,

3d IMCO, United Nations Humnida :6 .,,

Doageitino 1.12129 1.pci1,,,,: i 13 10 VaoeGarsISpaolilnGnnty: i A

13 11 Ratio of lpeeffilHeatsofVapor (Gas:

__________I cci,13 12 L.aontMttaot Vaporization,

5. HEALTH HAZARDSSciiIli2 i14i'I

SI Faeanpoeiettwoqnpmaa F,'lc,ac gglfI', 8,,l 13 13 Host ofCombustion: - is U III,, i,

52 AiapaicwFllwbIgEapaaeo INIlI ItIc-ccc,, ..... c~i,'pi~ i'. 01ih,I 1c,,.i . = - ii.4ii,A pc -Oi Ac1 1. I le

~cclc1,,cIIcvIIIc_ ilo~ S h,Icc.,c ,.cii'lc..i..... j:,, %."',, 1) 13 14 tdntol~vswomrponion: N,,I ..... .
i hcn-cd.,c..,dtcc--,d .. c It~ ,~s~c, cil... .p....... ....... %ofcOIl Nd1c1ic 13 15 Hatol~olttaaNi lc

l:,iw~,:i~rc.c p1-1 clicnPIA lc,:cc~IiiI:i.Ic ,I igiI' 123 NFPPAtenaedClsalloauton 13 16 Meet oflPolpms eln: Ni N,,,

1%61rv SccI VlItON- cIaic ... .... ,,cIl INI l .I1llN I,,

54 Toalolop lip Ihlidantso als Lttsr nat l IN', .gl 110% ........ R.......,INlc,

55S Rrt-Tainin latiaotcn Lkmt Ilnt ~1111 5911cc" W C ftWL' 1 h,.,

SO Tnnll.14ybplaaar a 5,:2 t t~~,',i10 Odor hraabatd, 11'1 pp
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IWatery liqaid cotoais CGaole odor 6. FINE HAZARDS S. WATER POLLUTION
61 let.hol P50st 0of 8 1 Aquaatic Toalstr

floatso aaie. Fleeonabte, anntas g va"o a.6 loseyl hiI f I I
ploand 9 1 lpos 24 h, l-i 1, A, n hod

83Fl.EatitalisinAffabe.r it 11, -

6aaaed~ Ras 1.,.l away.dlil grif o o eU 8 2 Waboesioal eftr

SOaY .pia aAi ki- neoyaao w aIs Dimn 900)
Noaify loa boatS a-i 0 pala o aua ateci 65 Special Maaes at Cawbuslan Peaductim 83 .Sllit,, OasiDW ad(~

8 4 Foo Chain CanaitstsaPiatta
66 Bltastac asFir .. n. i-,,i.nN

Flashbaock alon -ao unit sty sn
Vap., -tty coplodc if ifolted is seen toned lie 1-h I., k9 EETD AUATRR
FoiigaM with dry chesmical. fos ar carbos dioaide. 67 Ignition Torairsatt ELCE MNFCTRR
WaI.tetay he ieeseasfea.rn ,.,lii

Fi re Coolexosedcansaaesiii water 6 lceciaod u.Ip.p i ukilc 1..

69 BarningRaI. 4 ui. i

I Nhii[ Pl...

CALL FOR MEDICAL AID. Nn1,1

VAPOR 7. CHEMICAL REACTIVITYNiiud.P.ul'
Iritating to eyes. ovne sod throat.
if binhed ail -use dizisnes, headiachie. difiut beeso 7 1 Rsacitip ith Wan. Niu.un

or la- of cosimcse. 7 2 Roeaig wit Call a Mlti
Hone to fe* as. 

% Cetuio aiset

If breaithing sloped gilasytida "iuaion 7 3 Stability During Teaspse Nihi

LIQUID 7 4 NHiuralaaa Aga19 fo r Acidt and

Exposure =-Uved vi n1t.a C7 ai5 c
Fiadi affectid sas wth plenlty of-u w brIpa EYES hoid eyelids o sadfiath Pleit)y fiwalse. 7 6 lohlbliac at Palyisoaeusall 10. SHIPPING INFORMATION
IF SWALLOWED sod victime is CONSCIOUS. h-- ltn en sfee -t

nrail. 101 Oeandofaaunlin ip
Do NOT INDUCE tfliNG &,liod-S .. -- 1 -1

102 SiaraaTawypeias S
103 naftied ilpise-N

704 Va.tia: ((pn,,
7 

mc cr

HARMFUL TO AQUATIC LIFE IN VERY LOW CONCENTRATIONS.
Water Foalin to shoneheeMopt bed "go i n- enesnwe isha

Pollution Notiy=n lat sdlf Iufe fiiois.
Notify opanolo of narbiy waltes aloha

1. RESPONSE TO DISCHARGE 2. LAIRL It. HAZARD ASSESSMENT CODE 13. PHTSICAL AND CHEMICAL PROPERTIES
.Senonnccnnnaeiccsnnsnsisc.~1- cos.,L1 S ,i donssc.iuiO51 131 PhyicstaiSlat 15-lC ffdliir I.-d

I..ooi.,sp, hiphil ussuiil, aA-1 I5%' 13 2 MoleculwarWlighi t 'iW 133 BalsgPolitall Is

134 Presaing Poli: NI

_____________________________12. HAZARD CLASSIFICATIONS n3 5Criilcallwnpocaiore: -1

3. CHEMICAL DESIGNATIONS 4. ORSERVABLE CHARACTERISTICS 13ci hIud37 Specific Geavity: 0.671 at ISC (liquid)
3 1 Syniisotw N-iiu.I-il 47 Physical Staes Oshipped) p~,d 122 HASNoifedfRatingifor BlhWater 13 8 Liquid fetiTsnisls is 'd--
32 Caaaifgurd CasspisahityClasifiatin: 4 2 Colr.ats l.I Traspration: = 111,iI,... .Silelloorcun hydnonorbomine w. 4 Odor,-A Category Ra"Iaf 3 iedWlrIliioa asa
33 CheloeilParienal.: N,. 139 iiiuiqui.t5idunifo. = iflai15 N-i

34 IMCO Usniaed Nationas Rnnerica Nl",' 077
Designistion: Ii ?p I -,, 73 10 Vaporl(a..)gpecific:rnlty- 14

13 11 Ratio ofSpecific oot@aftaVapw (lon)

I ~,13 12 Latest Haot .iVapoeraiain

5. sEAT no ZRD Aiiu 14ii. 'kuli'lii iiiu I

571 Personaoll poectvefqailpmnt Pinia.upu 1 313 HootsifCamshiniis - Ku-IIt.

52 Sgstos~lwsgcsie.(j S I~N,.'5 I...lin~, - -1140
1

l-, -414 40 I kg

'los.' h, i' I..Ili.n..lh' Isp. is l 0 1314 HaetiDocnampaii N p
ilsis.h-i,'hc .,dit,,I ilnin .... .i..h.. Nul Rui,,tif 1 13 15 Hsialelian N,-
I.: h, lw.. .. ""i'6" 123 NFPAHaofitCOtctias 36 aiaMlgnalai Np

I". ulhocl~pifc.Iupnu...5Ioiiilii~i1..Catagory Clasolils

... ''un~iiiiisii!..I..ouil'..,i.p...i.. ...... is......Iuiid~l~c

'll l~ h-,..'hs Rc. i,, 5cI.lI

03 TrsatlnmstielEapassew sr., . isiii IN IO

""'dne. IN o~hoiho~. K li. HEALTH HAZARDS (Coul-d.)

54 TsnlcltyhplnhaitaThaaadLMs#iala) 11N pi-i 58 VopernfdaalrrntiantChiractteftit unruuccih~miiniiilc O

SS She-Tans laIhalaiosn Linville tIp,, .1Ii i i.1p'cl hi" l ftncliuii, llIlhcw, i-cNps.

5 1 Lois Tialltln N% 5 10 OdoTheshold: "pp.,,
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6.FRE HAZARDS * I. WATER POLLUTION
rio sy-ot0tC1. 61 Fle1.I IrII1 1 8 1 Aquaic Toxicity: 1

Flst o ol-Fl-beirimirgsee1.63 Fire faiguiaidng Ag1rat 1),, ~0I ,,n,

1 Fl4i onr Ewalersin Agentsooirtigopr 64t to~ ~ be Used: 82 Wouol Tiiy:~ Ilnl

Stop dis~rug if palr.Kr pi o.laoa 83 BiologicalOxygen Demanid OD:
St., i pao t rro,- t = rid away ~~ ('t.65 Specil a enrd 09 CoorbuonPooduola: ,Id.
Stay upwin an use walg" apay Io n=~ o apr 8 4 Food Cluain Concenartionr Poloni..l:

Notify local looll urid pa ontoorol ;Si 66 Behavniot 10 Fir.:I.p.: hal

FLAMMABLE. 617 Ignition Temrporal-r. 9. SELECTED MANUFACTURERS
Pahons aogao b ill9000. out.. .~.,:I

U7joojl 1irdeciria. foari. or eaitbon dioide. 68 Electrical Hazuootd: ( l,. I r, ,Wait ih inFele nm

Fire Cool ropowrd containr with nat.. 69 Burning Rat:4 IlIIi1

___________________________________________________7. CHEMICAL REACTIVITY :I.,aP.01'

CALL FOR MEDICAL AID. 7 1 R.-tolii0119W~lte: N,~u

VAPOR 72 Reactivity with CommonMarli:
Iritatinig to eyetiflonor and liltoat.N,:,

-fiito. iloorioot. raolr.dfo bthng73 Stability During Transport: *aahl,

ne to irmA air.
Ilbroiigotpn~ioeicnrriaio 7 4 Neutaliing Agentl 0 Acids arid
if Sratlog io diffionir. Sir, ooygrn. Crades;oa N,, porlelo

LIQUID 7.5 POiyrritiorr: Nt N117,1

Exoue Ittri8o.di~ or 7.6mg irhbl10 0yi.i~ii~. SHIPPING INFORMATION
Rttroeeooonrrionld dihio no rits.10 1 GradtarooPaoity

IF 11 EYES, Sold eye"d open and nunwt lnyof sw. 07,.I.,4 l,,
IF SWALLOWED litd ket it CONSCIOUS. Itnometcrir drink vortei

DO NOT INDUCE VOMITING. 102 S31000g. Tomtri0arn 111

103 irmIns"tmosphro: N- ,...,.. .
10.4 Vriadlitgl0e~~

Notify local hlath arid wildlife ofiaht.
flolify operatrs of nearbty water intakes.

1. RESPONSE TO DISCHARGE 2. LABEL 11. HAZARD ASSESSMENT CODE 13 PHYSICAL AND CHEMICAL PROPERTIES
.SO~oo~ined0~dohC~o....~~o~oc~ian~n ~ 11 131 Physic~al S&IISCO I llr: I ...

-lrg 0.00F1 lgl .-OIIIIII m SlU 132 Molecular 11410W N.I

II~..O 1171W133 Boiling Poi~larl 1 

___________________________12. HAZARD CLASSIFICATIONS 134 Cr0.itia Toperrlns

02 1 Code 0f Federal Pegdarlorts 136 Cr111004 Pragaanr N
3. CHEMICAL DESIGNATIONS 4. OBSERVABLE CHARACTERISTICS I IloonoalI I,4u,d 13 7 Specific grarily;

31 IllarnymrB N,--fllo on-10011 41 PhlpnlcSet@agehippard) l17:1:4 122 HAS icardBanliolgllkWaste 0--
32 COW4 GOrsd CoinpellMNiy CiognfloalOnr 4 2 Color. (,Ir17 Trarnsportationi: 138a INald Srface Tons";a

Micioniohydrocaobon iturtes 4 3 Od- (.I caltegry 1101106 -. 1 N1
33 Chromicall Foolla NI ne,,ee i 1CI 39 Liqpald-Wtlkr aontacial Toars
34 IMCO/Unild 11.8100. Norars"a 1.45~

Doegno.ion: 1 .2,1211 %'po Itrrrnl -1

I o ,o,d I. 11.. 1 13 10 Vapor 40.01 Spatlas Onrre
13 II 1101100459.00411001004 pBl 1000

liol- Iluo1l

A 4--lTo~~ 13 12 Lefel PW fV!PgII0O~

5. HEALTH HAZARDS Aeutzl , I 217

5 2 91 Ph. IF04oll EWourve INIIAI ATIIIN -401 ... llllel .... 7 Io'I14101 (11 h.1:1, oena-k 13 13 NOof0C ..
ool,.lle,,u.~eo loool( ollonod h, , lfte--A.1 -- p111 deero op fre W-l, :1 . I I I

,I-,ofdo.id e..,iodr- ,m-on to~arl~th-e~.OIm,.afd -omlll~lllIoo Self-Rla-lnoe(1 131'4 "" of 110.ss.lBal
.l., 4 I dangtr ... l -oyt-aloAtIAlI 4..~IoOo8lIaoell 12.3 NPPAHaamrC0nd00lIlr 1315 Hast of $**A$-N

or~~p.rapoopfl. dyenor.Wle-nl d,,lt..... ridy d-oynt ~on l e-,. Category Cla~l010 13 16 Heal of ParlltlBlg0
alec ,g ip1 'I rorchlo-oo, and yeolrllacolet lolallo.ell iieullh liN-ad (Blue)I

C_1,11 ,,llAoood IhI,o,,-o INGVSIOl~N oo, 111,0 nI 4m--,I. olh-lao 1-IO-lolbI ell Id
lht-1 o-phag-.ad,~eah ,lfea flo ood h1 doeo,noflfl.I0111 

1
l React-ts (lellow) 0

53 Trg~lbRpe~sSork eod-1-lalrlor INIIALATiIIN o.ltl 1114010
oxvl-f-lnodod ASPIRATION rnf,,loo hod but. adm,n,olrot~rf INlISTI1N do

,po-,mlololla lun IYS o9atllolllooyoqanlt
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Not pertinet

13.12 LOUM te of1. Vapsetssnw

S. HEALTH HAZARDS Not prtnent
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IF IN EYES, hold eyelid ope arid fluh ir h pit.b udel ofoler.
IF SWALLOWED ad nictim a, CONSCIOUS, bare ricter drink waler
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Exoue DO NOT INDUCE VfUING 74Nntni.-1 gn.IAM u

COui*o: %1N,:: pioco

7 5 PwolyeWnlao: %,,i [N li-n

76 lnhbiblero Pymernflno: 1D. SHIPPING INFORMATION
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INITIAL DISTRIBUTION LIST

OASD(I&L)EES 1 USAF Hospital Eglin/SGP 1
OUSDR&F 1 AFWL/SUL (Tech Library) 1
OUSDR&E 1 AFTEC/SG 1
OSAF/MIQ 1 HQ SAC/DEPA 1
DTIC/DDA 2 HQ SAC/DEV 1
OSAF/PA 1 HQ SAC/SGPE 1
HQ USAF/LEEV 1 HQ AFESC/DEV I
HQ USAF/SGPA 1 HQ AFESC/TST 1
HQ USAF/LEEEV 1 HQ AFESC/RDVA 10
HQ AFSC/DEV 1 NEPSS 1
HQ AFSC/SGB 1 AVRADCOM/DAVDL-ATL-ATP 1
HQ AFSC/SGPA 1 AFIT Library 1
AMD/RDV 1 HQ AFLC/SG 1
OEHL/CC 3 HQ AFLC/DEEPV 1
OEHL/SA 1 Univ of So Car/CE Dept 1
OEHL/EC 2 USAEWES 1
USAFSAM/EDH ('Lt-%ol Kane) 34 USCG (G-DSA) 1
AFOSR/NL 1 USAF Hospital Mt Home/SGPB 1
SD/YVAS 1 USAF Clinic Lowry/SGPM 1
SD/SGX 1 USAF Hospital McConnell/SGPB 1
SD/DEV 2 Mr Bill Wood, TS-792 1
SD/LV-1 4 Arthur D. Little, Inc. 3
OL-AD; USAF OEHL 1 SOUTHNAVFACENGCOM 1
HQ USAFE/SGP 1 All Base Environmental
USAF Hospital Weisbaden/SGP 2 Coordinators 1
HQ AUL/LSE 71-249 1 All Base Bioenvironmental
1 STARD/SEM 1 Engineers 1
USAF Hospital Vandenberg/SOP 1
6585 Test Group (TI(S) 1
SAALC/SFQT 1
Ch, Pollution Abatement BrI

NAVFACP Code 111 1

NESO I
NCEL, Code 15111 1
Commandant/GDD 1
HQ NASA, Code MAS-7 1
NASA/DL-DED-32 1
NASA/ ME-E 1
EPA/ESRL 1
Library Chemical Abstracts Svc 1
Toxic Matls Information Ctr 1
HQ USAFA/Library 1
Ch, Environmental Chem Div 1

USAEHA
Commander, USA Med Bioengrg 1

R&D Lab, ATTN: SGRD/UBG
Ch, Industrial Hyg Div/USAEHA 1
USA Chiaf, R&D/EQ 1
USN, Chief, R&D/EQ 1
SAMTEC/SEM 2
AFRPL/Library 1
AFRPL/LKDP 1
AFAPL/DLODL (Tech Library) 1
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